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Indian Standard 

SPECIFICATION FOR 
CADxMIUM OXIDE FOR ELECTROPLATING 

0- FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 31 December 1968, after the draft finalized by the Electroplating 
Chemicals Sectional Committee had been approved by the Chemical 
Division Council. 

0.2 In the plating industry the cyanide bath, which is made up icom 
sodium cyanide and to which wetted cadmium oxide is added, is used 
almost exclusively. The exact composition of cadmium complex is not 
known though it is usually considered to be Na^Cd ( CN )^. Stable, non- 
critical additives consisting of organic compounds like dextrin and cellulose 
derivatives, used together with traces of dissolved nickel^ make pc^ible 
highly lustrous cadmium coating. 

J In the formulation of this standard due weightage has been given to 
international coordination among the standards and practices followed in 
different countries, in addition to relating it to the practices in the field in 
this country. This has been met by deriving assistance firom B.S. 2868- 
1957 'Cadmium anodes and cadmium oxide for electroplating' issued by 
the British Standards institution, and GOST 11120-65 * Cadmium oxide ' 
issued by Komitet Standartov, Mer i Izmeritel ' nyh Priborov pri Sovete 
Ministrov S.S.S.R,, Moscow ( U,S,S,R, ), 

0.4 This standard has clause 3.1 which provides for agreement between the 
purchaser and the supplier. 

0.5 For the purpose of deciding whether a particular requirement of this 
standard has been complied with, the final value, observed or calculated, 
expressing the result of a test or analysis, shall be rounded off in accordance 
with IS : 2-1960*. The number of significant places retained in the rounded 
off value should be the same as that of the specified value in this standard. 



1. SCOPE 

1.1 This standard prescribes the requirements and the methods of sampling 
and test for cadmium oxide used in electroplating. 

*Riiies for itmnding off numerical values ( rms«/). 
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2. REQltJIREMENTS 

2.1 Description — The material shall be in the form of brown powder 
insoluble in water and readily soluble in acids. It shall correspond in 
composition essentially to CdO. It shall not contain free metal parddes 
and shall be free from dirt and visible impurities. 

2.2 The material shall also comply with the requiremer*^ given in Table 1 
when tested according to the methods prescribed in Appendix A, Reference 
to the relevant clauses of Appendix A are given in col 4 of Table 1. 



TABLE 1 



R£QU1R£MBNTS FOR CADMIDM OXIDE FOR 
ELECTROPLATING 



Sl 
No. 



(1) 

iii) 
iv) 

V) 

vi) 
vii) 



Characteristic 



(2) 



Cadmium oxide ( as CdO ), percent by 

weight, Min 
Insoluble matter (in cyanide), percent 

by weight. Max 
Loss on ignition, percent by weight. Max 
Zinc. ( as Zn ), percent by weight. Max 
Lead (as Pb ), percent by weight. Max 
Copper ( as Cu ), percent by weight. Max 
Iron (as Fe), percent by weight, Max 



L^UIREBfENT 


Method of Test 




( Ref to Ci. 




No. IN 




Appendix A ) 


(3) 


(4) 


99-0 


A-2 


01 


A-3 


0-5 


A-* 


0-005 


A.5 


003 


A^ 


0000 5 


A-7 


0000 5 


A^ 



2.3 It shall be free from mercury when tested by the method given in 
Appendix B. 

3. PACKING 

3.1 The material shall be packed in suitable containers as agreed to between 
the purchaser and the supplier. 

4. MARKING 

4.1 The containers shall be marked with the name of the material, net 
weight, name of the manufacturer and his recognized trade-mark, if any; 
and the lot number and date of manufacture. 

4.1.1 The containers may also be marked with the ISI Certification Mark. 

Note — The use of the ISI Certification Mark is governed by the provisions of the 
Indian Standards Institution ( Certification Marks ) Act and the Rules and Regulations 
made thereunder. The ISI Mark on products covered by an Indian Standard 
conveys the assurance that they have been produced to comply with the reqiiirezncnts 
of that standard under a well-defined system of inspection, testing and quality control 
which is devised and supervised by ISI and operated by the producer. ISI marked 
products are also continuously checked by ISI for conformity to that standard as m 
further safeguard. Details of conditions under which a licence for ^e use of the ISI 
Certification Mark may be granted to manufacturers or processors, may be obtained 
from the Indian Standards Institution. 
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5. SAMPUNG 

5.1 The method of preparing rcprcsenUtive samples of the material and the 
criteria for conformity of the material to this specification shall be as 
prescribed in Appendix C. 

APPENDIX A 

( Clause 2.2 ) 
ANALYSIS OF CADMIUM OXIDE 

A-l. QjuALmr OF REAGENTS 

A-1.1 Unless specified otherwise, pure chemicals and distilled water 
( see IS : 1070.1960* ) shall be used in tests. 

Note — ' Pure chemicals ' shall mean chemicals that do not contain impurities which 
affect the results of analysis. 

A-2. DETERMINATION OF CADMIUM OXIDE 

A-2.0 General — Cadmium oxide is determined employing electro- 
gravimetric method. 

A-2.1 Reagents 

A-2.1.1 Dilute Sulphuric Acid — 5 N approximately. 

' A-2.1 .2 Phmolphthakin Indicator Solution — prepared by dissolving O'l g 
in 100 ml of 60 percent ( vjv ) of rectified spirit conforming to IS : 323-1959t. 

A<-2«1*3 Sodium Hydroxide Solution^ — 0*1 N approximately. 

A*2.1.4 Potassium Cyanide Solution — 20 percent {wiv), 

A-2.2 Procedore — Dissolve about 0*5 g of the sample in just sufficient 
quantity of dilute sulphuric acid, and filter through a sintered-glass 
crucible { G No. 4 ) washing with minimum quantity of warm water. Add 
a drop of phcnolphthaldn indicator and neutralize excess acid with sodixun 
hydroxide solution. Then add potassium cyanide solution, dropwise, with 
constant stirring, till the predpitated cadmium hydroxide just dissolves. 
Avoid a large excess of potassium cyanide. Dilute the solution to 150 ml 
and electrolyse the cold solution, using tared platiniun wire gauze cathode 

*Spedfication for water, distilled quality ( revised ). 
fSpcdficatiQa for rectified spirit { reviud ). 
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and a current of 0-5 to 0*7 A at 4'8 to 5*0 V, At the end of 6 hours, 
increase the current to 1-0 to 1*2 A and continue the electrolysis for another 
hour* Wash the split clock glass and sides of the beaker with about 20 ml 
of water and continue electrolysis for about 15 minutes. If the ncwdy 
exposed surface of the cathode remains bright, thus indicating that the 
deposition of cadmium is complete, remove the electrolyte firom the electrodes, 
rinse immediately with water, stop the current and rinse the oithode with 
alcohol. Dry at 100°C, cool and weigh. Test the residual electrolyte for 
cadmium, if any. 

A-2.3 Calculation 

W 

Cadmium oxide ( as CdO ), percent by weight == 1 14 x -t^ 

where 

Wx ^ weight in grams of the cadmium metal deponted, and 
W = weight in grams of the material taken for the test. 

A^. DETERMINATION OF INSOLUBLE MATTER ( IN C7ANIDE ) 

A-Sa Reagents 

A-3.1.1 Potassium Cyanide — solid. 

A-3.2 Procedure — Weigh accurately about 20 g of sample and 30 g of 
potassium cyanide and mix by conii^ or repeated stirring ( there shall be 
no grinding ), Introduce the mixture into a 100-mI conical flask which is 
half filled with distilled water. Heat the mixture from 43° to 48''C, swirl 
for 5 minutes, and then maintain the flask at 44*0° ± 0'5*C for four hours. 
Dilute to one litre, shake, set aside overnight and then filter through a 
sintered glass crucible ( G No. 4 ). Wash the residue with cold wato*, dry 
the crucible and rewdgh. 

A-33 Calculation 

W X 100 
Insoluble matter, pecent by weight *» — i— r^ — 

where 

Wi = wdght in grams of the residue, and 

W » wdght in grams of the material taken for the test. 

A^. DETERMINATION OF LOSS ON IGNITION 

A-4a Proc^ednre — Weigh accuratdy about 1 g of the sample and heat 
or two hours in a open muffle furnace at 800*'C. Determine the loss in 
fweight after cooling the residue in a dedccator. 
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A^JZ Galcalatioa 

W X 100 
Loss on ignition, percent by weight = — ^—j^ — 

where 

W^i = loss in weight in grams, and 

W — weight in grams of the material taken for the test. 

A^. DETERMINATION OF ZINC 

A-5.0 Geifteral — Zinc is determined colorimetrically using methyl violet 
as indicator. It is also determined colorimctricaUy using p-dimethyl 
aminostyryl-p-naphthio2ole methiodide. 

A-5.I RemgeutB 

A-5.1.1 Ammonium TkiocyanaU Solution — 60 percent (wlv) and 10 jier- 
cent ( w(v ) solutions in water. 

A*»5.1.2 Ammomum Chloride Solution — 20 percent ( wjv ). 

A-5.1.S Ammomum Hydroxide — conforming to IS : 799-1955*. 

A-^.1.4 Ammonium Hydroxide Ammonium Chloride Solution — prepared 
by mixing 15 ml of ammonium hydroxide and 15 ml of ammonium 
chloride solution with 200 ml of water. 

A-5.13 DiluU Sulphuric ite'rf — approximately 18 N. 

Ap5.1.6 Dilute Hydrochloric Acid — approximately 3 N. 

A-5.1.7 Standard Hydrochloric Acid — 0*5 N. 

A5.1.8 Tartaric Acid Solution — 25 percent ( wjv ), 

Af5«I A MeAyl Orange Indicator — Dissolve 0*1 g of the indicator in 100 ml 
of water. 

A<^.1.10 MeO^ f^oirf — Dissolve 0-1 gofthc indicator in 200 ml of water. 

Ap5«1.11 Standard Zifu Solution — Dissolve 4-240 g of zinc sulphate 
( ZnSO^.THjO ) in water and dilute to 1 000 ml. Further dilute 10 ml of 
this solution to 1 000 ml. One milliJitrc of the solution contains O'Ol mg 
of zinc (as Zn). 

A-5.1.12 Wash Mixture — Mix 50 ml of 60 percent {wjv) ammonium 
thiocyanate solution, 200 ml of water and 1 ml of sulphuric acid. 

*Specificauon for aounoiua, liquor, technical. 

7 
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A-5.1.13 Isoamyl AUohol 

A-5.2 Procedure — Weigh accurately about 1*00 g of the material and 
dissolve in dilute hydrochloric acid. Transfer the solution to a separating 
funnel of 50 ml capacity. Add 3 ml of 60 percent wfv ammoniimi thiocyanate 
solution and O'l nil of dilute sulphuric acid. Mix and add 10 ml of iso^my\ 
alcohol. Shake the contents of the flask for 2 minutes. Allow the layers to 
separate and reject the lower aqueous layer. Wash the tioamyl alcohol portion 
thrice, with 10 ml portions of the wash mixture, by shaking each time for 
2 minutes. Trandcr the uoamyl alcohol layer into another separating 
funnel with 10 ml of ammonium hydroxide and add the washings to the 
contents of the second separating funnel. Shake the contents of the second 
separating funnel briskly for 2 minutes and allow the layers to separate. 
Transfer the lower aqueous layer into a 23-ml measuring flask and niake up 
to volume ( solution A ) . 

A"'5.2«l Preparation of the Standard Solution — Take 10 ml of water into 
a separating funnel and treat in the same way as the test sample. Dilute 
to 25 ml in a measiuing flask ( solution B ). 

A-5.2.2 Determine the quantity of the acid necessary to neutralize the 
solutions as follows. 

A-5.2.2*! Take 2 ml of the solution A in one test tube and 2 ml of the 
solution B in another. Neutralize the test solutions with standard hydro- 
chloric acid with methyl orange as indicator, using a microburette. Note 
the volume of acid used for neutralization of each solution. 

A-5.2.3 Take 2 ml of solution A ( corresponding to 0*08 g of the 
material ) in a Nessler cylinder. Add the known quantity of standard 
hydrochloric acid, necessary for neutralization of solution A {see A«5.2.2*l) 
and water to make up the volume to 4 ml. Stir carefully and add 1*5 ml 
of standard hydrochloric acid, 0*5 ml of methyl violet indicator, 0*25 ml of 
tartaric acid and 0*3 ml of 10 percent {wjv) ammonium thiocyanate 
solution. Carry out a control test in another Nessler cylinder using 0*4 ml 
of standard zinc solution and 2 ml of solution B and other reagents in the 
same quantities as with the material. 

A-5.2.4 The limit prescribed in Table I shall be taken as not having 
been exceeded if the colour produced by the sample is not more intense 
than that produced in the control test. 

A-53 Alternate Method of Determiaatioii of Zinc 
A-5.3.1 Apparatus 

A.53.1.1 Mssler cylinders — 50 ml capacity (see IS: 416l-1967» ). 
♦Specification for Nosier c>dizidcrs. 

8 
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A-5.3.2 Reagents 

A^.3^.1 Dilute hydrochloric acid — 5 N approximately. 

A-^.3.2.2 Ammoniftm tMocyanate solution — 57 percent ( wjv )• 

A-3.3.2.3 Dilute sulphuric acid «— 1 N approximately. 

K-53J1A fHdimethyUandnostyfyU^napfUhiazole methiodide solution — 0*05 
percent ( wjv ) in absolute industrial methylated spirit. 

A-5.3.3 Procedure — Weigh acciuately 0*5 g of the material and 
dissolve in required quantity of dilute hydrochloric acid, filter through a 
sintered-glass crucible ( G No. 4), wash with water and make up the 
filtrate to 200 ml. To 10 ml of this solution add 0*05 ml of ammonium 
thiocyanate solution, 0*25 ml of dilute sulphuric acid and 0*4 ml of 
/Kdimcthyl-aminostyryl-p-naphthiazole methiodide solution. Carry out a 
control test using 10 ml of water and reagents in the same quantities as 
used in the test. 

A-6.3.3.1 The material shall be taken as having satisfied the require- 
ments of the test if the solution containing the material does not show any 
pink or orange colour in comparison to the solution made for control test. 

KS. DETERMINATION OF LEAD 

A-€«l Apparatus 

A-6a.l Nessler Cylinders — two, of 50 ml capacity {see IS : 4161-1967* ). 

A-6J! Reagents 

A-6.2.1 p-Nitrophenol Indicator Solution — ^ Dissolve 0*2 g of j^-nitrophenol 
in hot water and dilute to 100 ml. 

^ A-6.2 JE Dilute Ammonium Hydroxide — 1:9. 

ASJ^^ Dilute Hydrochloric Acid— 1 : 99. 

A-6.2.4 Hydrogen Sulphide Solution — saturated and freshly prepared. 

A-SJl^ Standard Lead Solution — Dissolve 1*60 g of lead nitrate 
[ Pb ( NO3 ), ] in water and make up the solution to 1 000 ml with water. 
Pipette out 10 ml of this solution and dilute again to 100 ml with water. 
One millilitre of this solution contains O'l mg of lead ( as Pb ), 

A4»3 Procedure — Weigh accurately 2 '00 g of the material and dissolve 
in 20 ml of dilute (1 : 99 ) hydrochloric acid in a Nessler cylinder and add 
one drop of ^nitrophenol indicator solution. Add dropwise dilute ammo- 
nimn hydroxide imtil the solution becomes colourless and then add 0*5 ml 
of alkali in excess. Add 5 ml of hydrogen sulphide solution, dilute to the 
mark and mix well. Carry out a control test in a similar manner in 
another Nessler cylinder using 6 ml of standard lead solution. 

^Specification for Nessler cyHndcru 
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A-6*3.1 The limit prescribed in Tabic 1 shall be taken as not having 
been exceeded if the intensity of colour produced with the material is not 
greater than that produced in the control test. 

A.7. DETERMINATION OF COPPER 

A-7.1 Apparatus 

A.7.1.I Messier Cylinders —two, of 50 ml capacity ( see IS ; 4161-1967* ). 

A-7.2 Reagents 

A-7.2*! Sodium Diethyldithiocarbamaie Solution — Dissolve 1"0 g of sodium 
diethyldithiocarbamatc in 1 000 ml of copper-free water. Filter and keep 
in an amber bottle and protect from strong light. 

A-7.2-2 Dilute Hydrochloric Acid — approximately 3 N. 

A-7.2*3 Sodium Pyrophosphate Solution — 10 percent {wjv). 

A-7.2.4 Standard Copper Solution — Dissolve 0*392 8 g of copper sulphate 
pentahydrate ( CuSO^. SHgO ) in copper-free water and make up the 
volume to 1 000 ml. Dilute 100 ml of this solution again to 1 000 ml. 
One milliJitre of the diluted solution contains 0*01 mg of copper (as Cu ). 

A-7.2.5 Isoamyl Alcohol 

A-7.2.6 Ethyl Alcohol — redistilled. 

A-7-2.7 Disodium Ethylene Diamine Tetra Acetate (EDTA) Solution — 
5 percent ( wjv), 

A-7.3 Procedure — Weigh accurately about 2 g of the sample into a 
100 ml flask and moisten with 10 mi of water. Add 5 ml of dilute 
hydrochloric acid. After the sample has completely dissolved transfer the 
solution to a 50 ml Nessler cylinder. Make up the volume to 40 ml with 
water. Add 1 ml of EDTA solution, 2 ml of sodium pyrophosphate 
solution and mix. Add 7 ml of woamyi alcohol, 1 ml of sodium diethyl- 
dithiocarbamatc solution (two portions of 1 ml each) and quickly stir the 
solution after each addition. Carry out a control test in a similar manner in 
another Nessler cylinder, containing the same volume of water and dilute 
hydrochloric acid, 1 ml of standard copper solution, 1 ml of EDTA 
solution, 2 ml of sodium pyrophosphate, 7 ml of uoamyl alcohol and 2 ml 
of sodium diethyldithiocarbamate solution, added likewise in two portions. 

A-7.3.I The limit prescribed in Table 1 shall be taken as not having 
been exceeded if the colour of the alcohol layer of the test liquid is not 
more intense than the colour of the alcohol layer in the control test. 

♦Specification for Nessler cylinders. 
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A4. DETERNflNATION OF IRON 
A-8.1 AppskTBtas 

A^.1.1 J^askr Cylinders — 50 ml capacity ( see IS : 4161-1967* ). 
A-8.2 Reagents 

A-4.2.1 DUuU Hydrockioric jXdd — 4 N approximately. 

A-8.2^ Potassium Permanganate Solution — 0*01 N approximately, 

A-8*2*3 Ammonium Thiocyanate Solution — 50 percent ( wju ). 

A-8.2.4 Extraction Solvent — prepared by mixing equal volumes of amyl 
alcohol and amyl acetate, both of reagent quality. 

A*-8*2*5 Standard Iron Solution — Dissolve 0*702 g of ferrous ammonium 
sulphate [ FeSO^.f NH4 )J504.6H,0 ] in water containing 10 ml of 
dilute sulphuric acid ( 10 percent v]v) and dilute with water to 1 000 ml. 
Before use, again dilute 100 ml of this solution to I 000 ml. One millilitrc 
of this diluted solution is equivaUent to 0*01 mg of iron ( as Fe ). 

A-8.3 Procedure — Weigh accurately TOOO g of the material and dissoK^e 
in 20 ml of water and just sufficient hydrochloric acid. Add 1 ml more of 
dilute hydrochloric acid. Add 1 drop of potassium permanganate solution 
and mix. Add 5 ml of ammonium thiocyanate solution and 10 ml of 
cxtracdon sc^vcnt. Shake vigorously and allow the layers to separate. 
Carry out a control test in a similar manner in another Nessler cylinder, 
containing in the same volume, 0*5 ml of standard iron solution in place of 
the material and the same amounts of reagents. 

A«83.1 The material shall be taken to have not exceeded the limit 
prescribed in Table 1 if the intensity of colour obtained with the material 
is not greater than that obtained in the control test. 

APPENDIX B 

{Clause 2.3) 

DETECrnON OF MERCURY IN CADMIUM OXIDE 
B.1. REAGENTS 
B-1.1 Sodium Cyanide — solid. 

B-1.2 Alkaline Stannous Chloride Solution — Dissolve 1-2 g of stannous 

chloride in 20 ml of water disregarding the precipitate formed by 

*Speci6cation far Nealcr cylioden. 

II 
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hydrolysis. Pour while stirring into of 20 percent sodiiim hydroxide 
solution and continue stirring until the precipitate is dissolved. 

B-2. PROCEDURE 

B-2.1 Dissolve 3 5 g of sodium cyanide and 6 g of material in water, filter 
and dihtic to 100 ml in a Nesslcr cylinder. Add 2 ml of the alkaline 

stannous chloride and mix. 

B-2.2 A turbidity indicates the presence of murciuy and is visible if 
O'OOO 2 g or more of mercury is present. 



APPENDIX C 

( Clause 5.1 ) 

SAMPLING OF CADMIUM OXIDE FOR 
ELECTROPLATING 

C-K GENERAL REQUIREMENTS OF SAMPLING 

C-1,0 In drawing, preparing, storing and handling samples, the following 

precautions and directions shall be observed, 

C-1.1 Samples shall be taken in a protected place not exposed to damp 

air, dust or soot. 

C-1 .2 The sampling instrument shall be clean and dry, 

C-1.3 Precautions shall be taken to protect the samples, the material 
being sampled, the sampling instrument and the containers for samples 

from adventitious contamination. 

C-1 .4 To draw a representative sample, the contents of each container 
■^elected for sampling shall be nuxed as thoroughly as possible by suitable 
means. 

C-1 .5 The samples shall be placed in suitable, clean, dry and air-tight 
eriass bottles or other suitable containers on which the material has no 

action. 

C-1 -6 The sample containers shall be of such a size that they arc almost 

completely filled by the sample. 

C-1 .7 Each sample container shall be sealed air-tight after filling, and 
marked with full details of sampling, and the date of sampling. 

12 
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&2. SCALE OF SAMPLING 

C-2.1 Lirt — All the containers in a single consignment of the material 
drawn from a single batch of manufacture shall constitute the lot. If a 
consignment is declared to consist of different batches of manufacture, the 
batches shall be marked separately and the groups of containers in each 
batch shall constitute separate lots. 

G-2«2 For ascertaining the conformity of the material in any lot to the 
requirements of this specification, samples shall be tested for each lot sepa- 
rately. The number of containers to be selected at random from lots of 
different sizes shall be in accordance with Table 2. 

NUMBER OF GONTAiNERS TO BE SELECTED f ROM 
LOTS OF DIFFERENT SIZES 

SA1CPX.E Size 



(2) 
3 
4 
5 
6 
7 
8 
9 

10 

C-2.3 In order to ensure randomness of selection, random number tables 
shall be used. If such tables are not available, the following procedure is 
recommended for use: 

Arrange all the containers in the lot in a systematic manner 

and starting from any one, coxmt them as 1,2,3 up to r and so 

on. where r is the integral part of JV/n ( JV and n being the lot size 
and sample size respectively). Every rth container thus counted 
shall be withdrawn to constitute the sample. 

C-3. INDIVIDUAL SAMPLES AND COMPOSITE SAMPLE 

CU3.1 From each of the containers selected according to G-2.3, a represen- 
tative portion of the material sufficient for carrying out the tests specified 
under 2 shall be drawn and these shall constitute the individual samples. 

C-3.2 From each of the individual samples, a small but equal quantity of 
the material shall be taken and thoroughly mixed to coristitute a 
composite sample. 

13 
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Lot Size 




A 




(I) 




3 to 


15 


16 


» 


40 


41 


> 


110 


in 


> 


180 


181 


>> 


300 


301 




500 


501 


i 


800 


801 an 


d above 
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C-3J3 The material in the individual and compoatc samples shall be 
transferred to separate bottles and labelled with full identificatioQ pard* 
culars of the samples. 

C-4. NUMBER OF TESTS 

C-4.1 Tests for the determination of cadmium oxide content shall be 
carried out on each of the individual sample^. 

C-4.2 Tests for the remaining characteristics shall be done on the compo- 
site sample. 

C-5. CaRITERIA FOR CONFORMITY 

C-5*l For Indiiridnal Samples — For cadmium oxide ccmtcat the 
mean and range of test results shall be computed as follows: 

« ^ / ir V sum of individual test results 

Mean ( JT ) = r f^— r 

' number of tests 

Range { R) ^ difference between the maximum • and minimum 
value of the test results 

G-5.1.1 The lot shall be declared to have satisfied the requirements for 
cadmium oxide content if X— 0*6 R > 99'0. 

CU5.2 For Composite Sample — For declaring the conformity of the 
lot to the requirements of all other characteristics, the test results on the 
composite sample shall meet the corresponding requirements specified. 
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INTERIiATIONAL SYSTEM OF UNJTS (SI UNITS) 



B«* Unite 

Lmoth nwtre 

Was* kilogram 

Tim* SBcond 

EhKtrlc cumfit Ampef* 

THermoitTTiB.mlc helvin 

\etnpBtai\if9 

Liimlnau> inlontltr eandiBla 

Amount 4f ftubitanCQ misi* 

Ssppl*niH*te^ Units 

QvMfttftr UffH 

Plane •ne*a radJan 

Sotld anglA ilafadiait 

Qarhrtd U*aii 

Qtfvittiif iffffi 

Force rtwlpn 

EneroY J°"^ 

Power wott 

Flyi *eber 

Rui danslty is»lo 

Fraqu'enqr herij 

EleclrEc ^criduclancje alemer^a 

Pfftssurvt etr^a* paacul 



m 

t 

A 
K 

ci 






Synfbaf 
N 

w 

T 
Ht 
£ 
Pa 



1 N - 1 ltg,1 nt;»> 

1 J « 1 N,m 

1 W = I Ji^B 

1 Wb = 1 v.* 

1 T ^ 1 Wb/m' 

1 S=l A^V 

1 Pa => 1 NVm* 



BOMBAV 400(107 
CALCUTTA THJOOia 
MADRAS €00020 



llanalfHinstha 
Telephon* 
37 ST 29 
23-0& a2 
41 34 49 



INDIAN STANOAROS iNSTlTUTlOM 

Mansk Bhavin. 4 Bnhiidur Shah Zatar Marg^ N£W DELHI tlOOOZ 

Tekption*! ; 26 SO Zt, 3r7 « at Talajrami 

Western : Novftlft Chamtwi*. Gf^ni Ra«d 
Fattnni i 5 Chowringhe* Apf^oacli 
Sculham : C. h T, Campua. Adjfar 

TiJ9li]»ah\ NutmohBiTiBd Shaikh Marg, Khanpur 

T Block, \inilf Bletg, NarnBimha/aja Sduara 

Gangotri Camptc*. Bhadfahada Roa6, T.T. Hagar BHOpAL 4fi?im3 

22E Kalpaaa Area 

AtiFtnu Wdg. SCO 82-B3, Saclor 17C 

$-B-56C L. N. Gupia. Mfirs 

1>'277 TotJaimal ^il^rg. Bant park 

117 418 B SarvDdaya Nagar 

Palttp'UtfE Industrial £atAla 

Hanta» B^dg t 9nd RaorK RIy Station Road 

"^f^tproa LfCEd bi Rtprpgiipliy Unil. rSL Hew Delhi 



AHMADA»AO SftOOOl 
flA^SALORE 560002 



BHUBANESHWAR T5T014 
CHANDIGARH 1&D017 
HVDEftABAD SOOQQl 
JAIPUR 302ClO« 
KANPUR 2D&DaS 
PATNA KUmU 
TRt VAN DRUM 695fl01 



£ 03 9^ 
9 70 48 
A 2T 18 

5 36 27 
2 Q3 20 

32 ID Ka 

8 9a u; 

B 12 T? 

6 2S 08 
32 2? 



